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Abstract

A detailed clcctrochcmical  evaluation of Sn-motiificd IaNi5 was performed to evaluate iLs

applicability as negative clcctrodc in alkaline rcchargcablc cells. Substituting small amounts of Sn

for Ni provides a large improvement in the initial capacity and cyclic lifetime of the clcctrodc,  and

also serves to improve the kinclics  of hydrogen absorption-dcsorption proccsscs.

lnt reduction

‘1’hc  rcplaccmcnt  of cadmium in a nickel-cadmium (Ni-Cd) cell  with a metal hydride anode

(Ni-M11) holds the promise. of higher specific energy, higher energy density, longer cycle lifetime,

and incrcasc(l  environmental compatibility, while retaining the capabilities of fast charge and

discharge rates and facile gas rccombjnation. ~’hc high hydrogen absorption capability, easy

synthesis, and mild activation of I ~Ni5 and its alloys motivated previous studies of the material in

battery clcxtrodcs]-~. Unfortunatc]y,  this previous work identified a rapid dcclinc in the alloy’s



hydrogen absorption capability during absorption-dcsorption (charge-discharge) cycling. ‘1’hc

prevailing methodology used to slow this degradation has been to substitute small amounts of

other clcmcnts  for both Ni and 1.a. Willcms ct al. I itnprovcd  the alloy stability by a partial

substitution of Si and Co for Ni, and of Nd for 1.a. Sakai ct al.z performed a rigorous evaluation

of several elements as ternary solutes in LaNi5.6M5. ‘1’hc equilibrium hydriding  pressure of the

alloy was found to dccrcasc with each of the clcmcnts Cr, Co, and Cu, and markcdl  y so with Al

and Mn. in addition, the cycle life was found to itnprovc  upon the substitution of Ni with the

ternary solute in the order Mn < Ni < Cu < Cr < Al < Co. Another effect of the ternary

substitutions for Ni, cxccpt in the case of Mn, was to incrcasc  the ovcrpotcntial  for the dcsorpticm

reaction. ]n other studies, Sakai et al. showed that substituting any of “1’i~,  224, Nd5, and CC6 for

I.a also enhances the cycle lifetime. in all the above ternary alloys, the improvement in the cycle

lifetime is

activation,

unfortunatc]y  accompanied by a dccrcasc in the hydrogen absorption capacity, long

or slow kinetics.

The present letter presents rcsu]ts from an initial evaluation of using Sn as a substitucnt  fo~

Ni to cnhancc  the durability of the metal hydride. ~’hcsc studies were prompted by results from

gas-phase thermal cycling of l~Ni4.8Sno.2 which showed as much as a 20-fold lifetime

inlprovcmcnt  over 1.aNi57.

lhpcrimcntal

‘1’hc LaNi4.8Sno.2  alloys wc,rc prcpaml  in an arc-melting furnace and annealed in vacuum at

950”C for 72 hours. The alloys were then crushed to 10 mesh in an argon glove box, followed by

several hydrogen absorption-dcsorption cycles to optimim the powder’s surface area. ‘1’hc fine

alloy powder (<75pm) was mixed with 19% co]]ductivc  di]ucnt, i.e. INCO nickel powder (1 pm),

and 570 Teflon binder. “l’he clcctrodcs were fabricated by hot-pressing the mixture onto an

expanded Ni scrccn. ‘1’hc clcctrodcs for the basic clcctrochcmical  studies were fabricated by

filling the BAS disk clcctrodcs with clectrodc powders of equal quantities to ensure consistent
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valucx  for the electrode area (0.07 cm2) and porosity. The Ni-MIl test CCIIS (-250 mAh)

contained cxccss  positive clcctrodc (NiOO} 1), cxccss  clcctrol  ytc (31 % KOI I), and a 13g0/1 lg

rcfcrencc clcctrodc.

Results and Discussion

Fig. 1 shows the clcctrochcmical  isotherms of l~Ni4.8Sno.2 during  absorption and

dcsorption of hydrogen. The equilibrium pressures were calcu]atcd  from the equilibrium

potcJ~tials  usiJlg the cquationQ: Ii. (VS. } ]f@/lIE) = -0.9324-0.0291 ]J@J12).  As Jnay bc SCCJ1

from the isotherms, the e~uilibrium pressure of IaNi5  dccrcascs upoJ~ the addition of SJ~ from aJ~

initial valtJc of -2 atm~ to below 1 atJn. This dccrcasc iJ~ the equilibrium platcatJ pressure Jnay bc

J-cl atcd to the incrcasc in the unit cdl volumcg. X-ray diffractomctry was USCC1 to charactcri~,c  the

material’s Jnicrostructurc  and measure the lattice parameters of the binary slid ternary alloys. Fig

2 shows the powder diffraction pattern of 1 ANid&o,2,  verifying that it is single phase. I’here is

an iJ~crcasc  in the unit cell volume upon the substitution of Sn accompanying the dccrcase in the

equilibrium pressure. From the X-ray cliffraction data, the unit CCII vo]umc Of ] iiN&.8Sn0.2 k

estimated to bc 89.992 ~~ as compared to 86.800  ~~ for I~Ni5, i.e., a 3.7% incrcasc  in the unit

ccl]  Volume.

I’hc charge-discharge behavior of 1 ~Nid.&o.z  clcctrodcs is slJpcrior to that of I~Nis.

I ~Ni4.8Sno,2  clcctrodcs  showed a high initial capacity of 250 mAh/g  in the flooded cell and -275-

Xx) mAh/g iJ~ the prismatic cdl.  Under these Collditiolls,  1 ~Ni5 could J~ot be complctc]  y charged,

since its equilibrium pressure is higher  than 1 atm. Additionally, the average charging voltage for

the SJI-JN odificd LaNi5 is ]owcr for than the binary material. ‘1’hc charge voltage fluctuated in the

case of 1.aNi5  owing to a significant evolution of hydrogen on the clcctrodc surface.

The c]cctrochcJnical  kinetics for the hydrogcJl absorption and dcsorption process were

determined by IX po]ari~,ation  Jncthods. ‘1’hc ]incar and ‘1’afel polarization CUJWX of these alloys
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arc shown in figures 3a and 3b, rcspcctivcly,  and the results arc listed in Table 1. The linear

polarization curves arc fairly linear enabling us m calculate the polarization resistance from their

slopes. ‘l’he Tafe] polarization curves reveal the intcrfcrcncc  of mass transfer at high

ovcrpotcntials, for which corrections have been made to the ‘J’afcl plots. ‘J’hc cathodic Taft] plot

of 1 ~Ni5 appears to show a different slope at high ovcrpotcntials,  possibly corresponding to

hydrogen evolution. ‘J’he. cxchang.c  current densities obtained from the linear and ‘1’afcl

polarizations reveal that the absorption and dcsorption  proccsscs arc faster in the ternary alloy

than in the binary. “l’his is not surprising, as bimetallic Sn-noble metal catalysts arc known to

function as clcctrocatalysts,  e.g. in the clcc[rochcmical  oxidation of methanol from aqueous

solutions. The Jmcscncc  of a tin oxiclc  on the electrode surface would facilitate  the dissociative

adsorption of a proton, which is a precursor for hydrogen absorljticm.

13nally,  the performance of t}~c  Sn-modified alloy during charge-discharge cycling in the

negative-limited, prismatic Ni-Ml  1 cells is shown in l~ig.  4. ‘l-he calls were charged @> 5 hour rate

to 12(EZ0 of charge return and . is low (below 35 n~Ah/g),  due to the incomplete charging. in

comparison, the performance of the ternary alloy is rather impressive. Apart from a high initial

capacity, I-aNi4.&0.z  also exhibits excdlcnt callacity  retention during charge-discharge cycling.

“1’hc capacity after J 00 cycles is above 50$Z0 of its initial capacity. ]ndccd,  the capacity retention

during  cycling of the Sn-substituted alloy is comparable to that of the A135 alloys cvaluatc~i  at

JPI.lO. ]~or cxamp]c, the slope of the capacity versus cyc]c ]ifCtilllC curve for l.aNiq  .Ssno,z

electrodes is almost  identical to the best of the (Mm) (Ni-Co-Mn-Al)5  alloys with optimum ratios

of 1.a and Cc/Nd in the misch metal and Co, Mn and Al for the Ni sites.

Conclusions

‘J’hc substitution of a small amount of Sn for Ni in 1 iaNi5 results in several desirable

properties for the battery electrode applications, such as low equilibrium pressures, high charge

efficiency, improved cycle lifetime, and fast absorption and dcsorption kinetics. On a volume
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fraction basis, Sn appcam to bc the most Imtcnt substitucnt  for improving the cyclic lifcLinlc  of

lANi5 batlcry clcctrodcs. Studies arc underway to optimize  the tin content in La-based as WCII as

misch metal-based alloys.
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}~ig. 1 : IWxtrochcmical  isotherms during  charge and clischargc of 1.aNid.&~O,z

Hg. 2 : X-ray cliffracti  cm pat tcrll of 1.aNj4.#nO.z

Fjg. 3 : A) Linear and B) 3’afcl polarization (corrcctcd  for mass transfer effects)

p]ols of ]) LaNi5 and 2) LaNi4,8Sn0.z  clcctrodcs (area :0.07 cm2)

}Jjg.  4 : Variation of the capacity of 250 nlAh, negative limitccl Ni-h411 CC1lS

containing 1 ) 1,aNi5 and 2) LaNi4,8Sno,2  during  cyc]ing  @ 5 h rate.
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Table 1. Electrochemical Kinetic Parameters of LaI.\Tis  and LaI\Ti@n0.2 Anodes

LaNi~

Linear Polarization

Polarization resistance (LLcmz) 2.33

Exch.an.ge cument density (10-4 A.cm.-z) ~.~

Tafel Polarization Oxidation Reduction

~a+d.ic Tafd plot (mLV)- u. 129 13’4

Transfer coefficient 0.25 0.54

Exchange current density (10-4 A.cm-z) 7.5 8.2

LaNi@no.2

Oxidation Reduction

~n242 L(J8

0.46 0.44
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